Data on delayed facial nerve palsy (DFNP) following endolymphatic sac enhancement surgery are limited. We conducted a retrospective chart review to determine the incidence, possible predisposing factors, treatment, and prognosis of DFNP in such cases. We reviewed the records of 779 patients who had undergone endolymphatic sac surgery for intractable Ménière disease from January 1997 through December 2007 at a tertiary care otologic referral center. We found 5 cases (0.64%) of postoperative DFNP. Th e length of time between surgery and the onset of DFNP ranged from 7 to 20 days (mean: 11). Paralysis was incomplete in all 5 patients. Four of these patients had an abnormal mastoid bone anatomy, as the sigmoid sinus was either anteriorly or anteromedially displaced. Th e 5 patients had been treated with a steroid, either with or without an antiviral, and all 5 experienced a complete recovery of facial nerve function within 8 weeks of the onset of their paralysis. It is diffi cult to delineate the exact etiology of DFNP following endolymphatic sac surgery, but we speculate that factors such as physical injury to the nerve and/or a viral reactivation might have played a role. Also, the unusual mastoid bone anatomy seen in 4 of these patients might have been responsible, as well.
Introduction
Delayed facial nerve palsy (DFNP) has been reported as a complication of various otologic and neurotologic surgeries. [1] [2] [3] [4] [5] Its incidence varies depending on the specifi c type of procedure, but it has been found to be signifi cantly higher in surgeries that involve a good deal of manipulation of the facial nerve. For example, significant dissection around the facial nerve occurs during surgery for an acoustic neuroma. Although large series of surgeries for acoustic neuroma have shown anatomic preservation of the facial nerve in 82 to 97% of cases, 6 delayed dysfunction of the facial nerve still might have occurred in almost one-third of those cases. 7 Conversely, in cases of stapedectomy, in which there is minimal interaction with the facial nerve, the incidence of DFNP has been less than 1%. For example, Althaus and House 8 found only 5 cases of DFNP in a series of 2,307 stapedectomy procedures (0.22%), and Shea and Ge 1 found only 11 cases in 2,106 stapedectomies (0.52%). In the latter report, serologic investigation suggested that activation of a latent herpesvirus might have been the cause of the DFNP. Such a reactivation may be triggered by a mechanical irritation of the facial nerve or chorda tympani during surgery.
In a series of 459 cochlear implantations, Cohen et al reported that the incidence of DFNP was 1.7%. 4 Similarly, the incidence of DFNP aft er tympanomastoid surgery was reported as 1.4% by Vrabec 3 and 0.38% by Bonkowsky et al. 9 Reports in the literature evaluating DFNP following endolymphatic sac surgery for intractable Ménière disease are scarce. 10 To help remedy this situation, we conducted such a study. In this article, we review our fi ndings, with emphasis on the incidence of DFNP, its possible etiology, and the prognosis for aff ected patients. We also discuss the abnormal mastoid bone anatomy oft en seen in patients with Ménière disease, which may be related to the incidence of DFNP in these patients. study because the chart did not contain any documentation that the patient's facial nerve had been intact and functional immediately aft er surgery.) Th e 5 patients included 2 men and 3 women, aged 26 to 46 years (mean: 39.0). All 5 of these surgeries were primary, and all 5 were on the left side. No other perioperative or postoperative complications were noticed in any of these 5 cases.
Th e onset of DFNP had occurred between 7 and 20 days postoperatively (mean: 11). Th e palsy was incomplete in all 5 cases; 3 patients had House-Brackmann grade II palsy (mild) and 2 patients had grade IV palsy (moderately severe). 11 Subsequent to the onset of DFNP, all 5 patients had been treated with an oral steroid (prednisone at 60 mg once a day for 1 to 2 weeks); in addition, 3 patients also received an oral antiviral medication (valacyclovir at 1,000 mg twice a day). Full recovery (House-Brackmann grade I) was achieved in all 5 cases within 8 weeks of the onset of their paralysis (table 1) .
Two patients had a poorly pneumatized mastoid cavity, and 3 had a fair-sized mastoid cavity. Four patients had an anteriorly or anteromedially displaced sigmoid sinus. Th e facial nerve canal was intact in 4 patients; in the remaining patient, who had a small facial recess, a partial dehiscence was present near the second genu (table 2) .
Th e endolymphatic sac surgeries had been performed in the standard manner on 4 of the 5 patients-that is, a complete mastoidectomy was performed along with decompression of the sigmoid sinus, enhancement of the endolymphatic sac, extensive opening of the facial recess with removal of the buttress of the incus, and placement of a pressure-equalization tube. Th e remaining patient (patient 2) had a small antrum with an unusual anatomy;
Patients and methods
A total of 779 patients-465 women and 314 men with a mean age of 52 years-had undergone endolymphatic sac surgery performed by the senior author (M.M.P.) during the 11-year period from January 1997 through December 2007 at a tertiary care otologic referral center. At this institute, endolymphatic sac surgery is the fi rst-line surgical treatment for patients with intractable Ménière disease who do not respond to conservative management with drug therapy and a strict low-sodium diet. Of these cases, 664 were primary procedures and 115 were revision surgeries.
All 779 patients had serviceable hearing-that is, a speech reception threshold of 70 dB or better and a speech discrimination score of more than 30%. In all cases, preoperative magnetic resonance imaging (MRI) of the brain showed no intracranial pathology related to the patient's symptoms.
All charts were reviewed for the presence of postoperative DFNP. For the purpose of this study, DFNP was defi ned as a dysfunction of the facial nerve that had been identifi ed more than 24 hours following surgery in a patient whose facial function had been normal immediately following surgery. Th e House-Brackmann grading system 11 was used to quantify facial nerve function in the DFNP patients. Th e dates of the onset of and recovery from facial palsy were recorded, as well as the specifi c treatment regimen that each patient received.
Results
We identifi ed 5 evaluable cases of DFNP that occurred as a complication of endolymphatic sac enhancement surgery, for an incidence of 0.64%. (Information on one other patient with facial palsy was excluded from this in this case, the facial recess was not opened since no incus was identifi ed through the mastoid cavity. Incidentally, one patient (patient 5) had previously undergone endolymphatic sac surgery on her right side, and that earlier surgery did not result in any facial nerve palsy.
Discussion
The incidence of DFNP following endolymphatic sac enhancement surgery in our study (0.64%) is similar to the rates reported aft er stapedectomy 1, 8 and lower than the average incidence aft er tympanomastoidectomy. 3, 9 However, the true incidence of DFNP in our study might have actually been higher because it is possible that a transient facial paralysis might have been so mild that the patient did not notice it and seek treatment.
Is the development of DFNP aft er surgery coincidental? Th is seems unlikely. Vrabec studied complications of diff erent otologic and neurotologic surgeries and found that the incidence of postoperative DFNP was well above the overall incidence of Bell palsy, which is approximately 1 in 5,000 persons per year (0.02%). 3 Etiology. Th e etiologic mechanism of DFNP is not clear. Proposed causes include neural trauma, neural devascularization, and viral reactivation. 12 Neural trauma. It is known that the incidence of DFNP increases signifi cantly in direct proportion to the amount of facial nerve manipulation involved in various types of surgery. Th is suggests that direct or indirect trauma to the facial nerve can induce infl ammation and edema inside a tight fallopian canal, which then leads to nerve dysfunction. However, if this is the case, such infl ammation and edema should reach its peak 24 to 48 hours aft er the manipulative trauma has been incurred, and indeed, some cases of postoperative facial nerve palsy have occurred close to this time frame. In our study, however, the onset of paralysis occurred an average of 11 days following surgery, a fi gure that is consistent with the fi ndings of other studies. 1, 3, 12 Th erefore, other factors must be involved that would explain the signifi cant delay between surgery and the onset of nerve dysfunction.
Vibration-induced nerve damage secondary to drilling the skull and mastoid bone is another possible traumatic cause. Even short-term vibration can induce disruption of retrograde axoplasmic transport in the peripheral nerve. 13 However, 4 of the 5 patients with DFNP in our study had an intact fallopian canal, which further discounts the possibility that direct physical injury was an etiologic factor.
Neural devascularization. Again, the considerable lag time between surgery and the onset of DFNP in our study makes devascularization of the facial nerve highly unlikely as a cause. Viral reactivation. More and more evidence in published reports has shown that activation of a latent virus may play a signifi cant role in DFNP. In 1996, Gianoli and Kartush described a case of DFNP aft er resection of an acoustic neuroma in a patient with Ramsay Hunt syndrome; this was the fi rst such reported case that featured clinical and serologic evidence of a reactivation of a varicella zoster infection. 14 Six years later, Gianoli published the results of a prospective study to look for correlations between DFNP and changes in viral titers for herpes simplex virus 1 (HSV-1), HSV-2, and varicella zoster virus. 2 His study group was made up of 20 patients who had undergone surgery for acoustic neuroma; 7 of these patients (35%) developed postoperative DFNP. Comparing titers obtained 3 weeks postoperatively with those obtained preoperatively, Gianoli found that the postoperative IgM titers for all three viruses were much higher in the 7 patients with DFNP. No diff erences in IgG titers were observed. One limitation of our study was that no serologic data were available for our 5 patients with DFNP. Activation of a latent virus following surgical manipulation is not new or rare. In 1905, Cushing became the fi rst to report the reactivation of latent HSV during surgery on the trigeminal nerve. 15 Aft er surgery on a trigeminal nerve, herpes labialis lesions and other cutaneous and mucocutaneous lesions are commonly seen along the nerve's distribution. As is the case with DFNP itself, the rates of postoperative HSV reactivation are directly proportional to the degree of neural manipulation during the surgical procedure. Hence, while HSV reactivation is seen in as many as 50% of cases of microvascular decompression of the trigeminal nerve, it is seen in almost 100% of cases of partial sensory rhizotomy. 14, 16 One possible cause of viral reactivation may be the physical manipulation of the facial nerve or ganglion in which the virus is dormant. Another possible cause is a decrease in immune system function-a great stressor-aft er surgery.
In 2010, Cohen et al reported that MRI fi ndings in patients with DFNP aft er stapedectomy were similar to the fi ndings in patients with Bell palsy. 17 Th is provides indirect evidence that viral infection could be the etiology for DFNP.
Many predisposing factors for DFNP that have been discussed in previous reports (e.g., direct manipulation of a nerve during dissection, 2 transection of the chorda tympani, 12 and thermal injury from lasers 18 ) can be related to reactivation of a latent virus. Based on our experience, thermal or vibrational injury to the facial nerve during opening of the extended facial recess could be a triggering factor. We would also like to point out that the mastoid bone anatomy in patients with Ménière disease is abnormal; the mastoid cavity is smaller and the sigmoid sinus is anteriorly or anteromedially displaced. It is possible that these unusual anatomic variations are associated with an anatomic anomaly of the fallopian canal, which would reduce the size of, or even eliminate, the Trautmann triangle. In addition, these patients have hypoplasia of the aditus ad antrum and the facial (suprapyramidal) recess. Th is variation in anatomy near the facial nerve might put these patients at risk for DFNP.
Prognosis. Th e prognosis for patients with DFNP aft er endolymphatic sac surgery seems to be as good as that for patients who have undergone other otologic or neurotologic surgical procedures. Most patients with DFNP aft er otologic surgery have experienced only partial dysfunction, and a complete recovery has been observed in almost all. [1] [2] [3] [4] [5] Also, despite the putative role of viral reactivation in DFNP, the prognosis for DFNP patients is far more favorable than that for patients with Ramsay Hunt syndrome.
